Radiometric dating (U/Th) of the lower marine terrace (Tyrrhenian, MIS 5.5) west of Nice (French Riviera). Morphological and neotectonic quantitative implications. by Dubar, Michel et al.
Radiometric dating (U/Th) of the lower marine terrace
(Tyrrhenian, MIS 5.5) west of Nice (French Riviera).
Morphological and neotectonic quantitative implications.
Michel Dubar, Christophe Innocent, Olivier Sivan
To cite this version:
Michel Dubar, Christophe Innocent, Olivier Sivan. Radiometric dating (U/Th) of the lower
marine terrace (Tyrrhenian, MIS 5.5) west of Nice (French Riviera). Morphological and neo-
tectonic quantitative implications.. Comptes Rendus Ge´oscience, Elsevier Masson, 2008, 340
(11), pp.723-731. <halshs-00271792>
HAL Id: halshs-00271792
https://halshs.archives-ouvertes.fr/halshs-00271792
Submitted on 10 Apr 2008
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
 	
		ﬁﬀﬃﬂ "!$#%&'(!)+*	-,%./
01)21 345"6755!)1)	198;:=<?>A@CBD@7#
,%-E5F&4GH	3IKJLMNM!OQPN	1R1#?B/:ST UN!N*ﬁ	3*41)O)3ﬁ3ﬁN	WVX)17Qﬁ.QP)
Y
%U9*Y	.ﬁ	CE[Z
\]_^a`Mbacdfeghi(j(kQlmn`[i]o	prq1sM`.but(vv.q3^wbxvypQzh{v.|~}fcD]]_bxi3]1h{vM
Z
j$mNl3mbxshŁ\ M-[iYebufcg1bxiYpr]Dv3o(prbx]Dv~M3[Mh{cg1q1vMv.b
z"u\lh5bavyebmc h5e|3bue-]Dc_c baŁ¡]¢v£-[MM}ic_¤ahav3ol^aba|Mbx¥.
-tQ¦u§)l1M£¡hR1b{v?eb|Mb;c_hihxv.|Mbn¤¨e|Mbal M©M©MbxvMbac_c bo
\qypoﬁ(^acD¤yo¦ª7|MhRprhRp	]q1von«	¬C`.lN^aq­ye]¢c_c_b.oﬁlprbxi	ihyo®oﬁbyoŁ¯hxi]¢v.byolCo	prha|Mb°]Qoqp	qMsM]D­yeb±
Z
[lv.¤aq.prbw^²pq1vM]D­yebwl
c ]³pQprqihxcc ]D¨eibalhxi^|MbL~]D^ab
´bxµ¶q1iﬁ|3o¦ª{«	¬N`~|MhRprhRp	]DqMv3oﬁlo`Mbac_coﬁl3Ł¡hxi]Dvbnprbxi(iha^wbaly\Ht5'
Z
[l1v.baqprba^²pq1vM]^al1·7ibav.^{`]-]_bxiﬁhaly¡] ^?b
ihxv[¨b
Z
¸5¹M¸5º-»¼½M¾7¿7Àx»Á ½Mº7¹
\0q1i(sM`.q1cq1¨]D^ahac cDµlp	`.b°ÂuehRprbxi(v.hxi(µ'prbxi(iha^wbyou]Dv'p	`Mb¡h{iﬁbah°qMÃN°]D^wb°^aqMv-o]QoYp¦qMÃba]¨`ypo	prbxsMsba|
c_bxbacQol9q.1bxif`.ba]¢¨`yp"qMÃ~ MÄŁ
Z
¬`M]QoŁ~qMi(s`MqMcDq1¨Mµ/]Qofp	`.b°ibyo	e-cÅp"qMÃ¦hprba^Rp	qMv]_^escD] Ã p"q1ÃLp	`.b'^aq3h?oYp
^aqMŁg]¢vbw|¶~]Åp	`~¨c_ha^a]Dq3rbRe7oYprhRp	]^f­yehRprbi(vMhxi(µ¡^a`.h{v[¨boC]Dvobaha(c_bxbac
Z
Æha^a`fprbxiriha^abcDbxbac-^aqMi(ib?o(sqMvM|3o
p	qhxvH]Dvyprbi(¨3chy^a]_hacu`M]D¨`3oYprhvM|Ç]Dv2o baha(c_bxbac¦havM|baha^a`Äp	`?eoﬁ(|MbRprbxi(Ł~]Dvba|HsbxiÃ	ba^Rprcµ`MqMiK]ÉÈ?q1v?prhacucD]Dv-b
Ł¡hxµp	`ye7oLoﬁbxi(bhyoh;Ł~qMi(sM`.q3cDqM¨M] ^wh{cM¨e]_|Mba(Ł¡hxi(Ê°]Dv¡qMi|MbRi7p	q~|Mb®prba^Rp$|MbxÃ	qMiŁ~hRpr]DqMv3o9qMÃ-p	`Mb^aqhyoYp
t(vËp	`Mb°]_^abÌhxibah0¶`MbxibÌha^Rpr]1bÍoba]Qo Ł]_^?]ÅpYµÎhavM|vbaqyprba^®p	qMvM]D^o/hib0¶b{c_c~|Mq^Re-Ł¡bavyprbw|Ï £ÐYlf¶b
Ã	q^Re7oba|ËŁ~qMib0orsba^a] Ã(]_^ahac cDµËqMvÌhÇoYei(bxµq3Ãfp	`Mbcq1¶~biluŁ~q-oYp~ibw^abxvyprlnprb5i(ihw^abÑ¶~]³p	`0p	`.bha] ŁÒq3Ã
|MbRprba^®p	]Dv¨4havM|2­yehav?p(]DÃQµ]¢vM¨h{c_csqTo o]g-c_b|MbaÃ	qMiŁ°h5p(]_qMv3o
Z
¬N`M] o'`hyo¯bavyprha]Dc bw|Í^wq1v.^abavyp	ihRprbw|ÇqMv0p	`.b
cDq3v[¨boYp$sMi(qMÃ	]¢c_bq3Ã-p	`.b;cDq¶bxiprbxi(ihw^abhacDq1v[¨p	`Mb^aqhyoYprl3o	prhxiQp	]¢v[¨°ÃQiqŁp	`Mbn§$iqbxv^ahac'Ã	qMibacDhavM|Ml¶~b?oYp
qMÃ7°]D^?bal7hxvM|°i	evMvM]¢vM¨bwh.o	pQ¶~hi|°]Dv'ÃQiq1v?p9qMÃp	`Mbu¡] ^wbcDs3]Dvbfiﬁhxv¨bÓQ·]D¨
Z
 5Ô
Z
t(v¡sMiha^®p	] ^wbal3p	`Mbfv.bR¶
|MhRprbyoqgprhx]Dv.ba|Ñ¶boYpqMÃL¡] ^wbÕhxiﬁbÖ^aqMŁs-hiba|Ñ¶]Åp	`bahxicD]_bxifshac_habaqMvyprqMcDqM¨3]^ahac|MhRprhq.g[prh{]Dv.ba|ÃQiq3Ł
ÃQeiYp	`Mbxi9bwhyoYprl]Dv~hav~hRp_prbxŁsp7p	q~^q1v[vMb?^Rp-p	`.b;cq.¶bxiprbiYirha^abyoq1Ã-p	`MbnpQ¶q'oba^®p	qMi®o
Z
¸®¸²¹3×Ø7Ù×CÚ¼a¼ØÙwºÁ_ÛMº±»ﬁÙa¼a¼aÛMÀaÙÜ7Àw½MºT»ﬁÙxÝ»9ÛMº7¾Þ¼ÙRßÁ_½M¿àNá~½M¼aâ
¬N`Mb'ba]¨`yp"ÂuehRprbxi(v.hxi(µÕprbxiriha^abyo;hxibÕoQprbxsMsba|ÕgbacDq¶Ap	`.b§$c¢]q3^?bavMb'|MbacÅprh'qMÃLp	`Mb]bxihxi
Ï N Ð
Z
¬N`Mb`M]D¨3`b?oYpÆÓ(hxvM|q3cD|Mb?oYp	Ôl$hxi(qevM|H M ÕŁSh
Z
o
Z
c
Z
l-¶~h?o¦|MhRprba|°gMµhÃ	qMihaŁ~]Dv3]_Ã(bxiﬁh{c)hyo5obaŁgc h¨-b
p	qp	`Mbmh{c_hxgMi]_hav~sbxi]Dq3|¡Óx lD©Mx l£\0hxÔ
Z
¬N`Mbfcq.¶boYpLor`Mqe-c|gb|MhRprbw|p	qp	`Mb¬µ[i(i`MbavM]_hav°`M]D¨3`oYprhavM|
Ó(cDhyo	pN]Dvyprbxir¨3cDhw^{]_hac-sbxi]Dq|Ml1\ãt5Õ?Ô
Z
t(v.|Mbaba|Ml1p	`.b;sMiﬁbyobxv.^abq3Ãäåæ5çèéêëéêéçìí_êë"q1vp	`Mb~] ^wbf^aqhyo	p
evM|MqeMgprbacµ'c_]DvMÊo]Åpprqp	`Mb;\0ba|1]³prbxi(ihxv.b?h{v;hyo]Dv'¬µi(ir`MbxvM]_hav'¨b°ÏQ3[Ð
Z?î
q¶~b5bxilMp	`M] ouorsby^a]_byo]Qo
vMqp^q1Ł~Ł~q3v°¶byo	pq1Ã$°]_^abï-]ÅpN¶hyoÃ	q.evM|hRpqMvMcµqMvMb°o(sqp¦Ï MÐ
Z
¬N`ye7o9p	`MbcDq¶~binŁ¡hxi]Dvbfprbxi(ihw^ab
ibaŁ~ha]Dv-ouprqÕp	`M] o|Mhxµ/gha|Mc¢µÄ|MhRprba|
Z
\qib°ibw^abxvyp	cµÏ5 M Ð(l¶b°`MhR1b°sq3]Dvyprba|/qepLp	`.b°sMibyobvM^ab'q3Ã¦h
pQµ[s3]_^ahacprbxi(ibyoQp	i(]h{cŁ¡hac_ha^aq3Ã	h5e-v.hÄ]Dvp	`Mb/|yevMb/|Mbxsq-o(]Åpo¡qMÃ;p	`.bÄcDq¶bxi¡^aq3h?oYprhxcLprbxi(iﬁha^ab
Z
¬N`M] o°c_havM|
ðñ-ò5ó_óQô®õ öwò5÷aøxù³÷aúNûüxýÉþaò®óø®ü²ßaû®ó ôﬁöwû (÷ó	õ 	_ó
o(vha]DcNh?o®o baŁgc ha¨b]Dv^ace|Mb?oobxbxiﬁh{c$bx¥pr]DvM^RpqMibR¥1qyp	]D^°o(sba^a]_byoc_]]DvM¨°prq3|Mh5µ']Dv°p	`MbsbavMvM]Dvbhxibah
Z
t(v/p	`Mb°°]_^abﬃhxib?hÖhavM|HqMvÄp	`.bﬃ·TibavM^a`Ä"]]_bxih±p	`M]Qo~ÃrhRevMh±¶ho~bavM^aqevyprbiba|HqMvMcµ0q1v/p	`MbÖcDq¶¡bxi
prbxi	iha^abÌhxvM|]QoÕp	`ye7oÑhÇ¨qq3|Ł~hi(Êbxi
Z
dbRprhx]Dc_ba| oYp	ih5p	]¨Mihxs`M]_^2havMhac¢µo]o%baŁ~s`Mhyo]Qo byoÑh2^ac ] Ł¡hRpr]D^
bR1q3cÅeMpr]Dq1vÌqMÃ~^ac b?hxi']Dv?prbxi(¨Mc_ha^a]_h{cup	µ[sbal^aqMiYiﬁb{chRprba|0¶]Åpr`Ío	prhx¨b0qMÃfp	`.b 4byo	prbxi(vH\ba|M]ÅprbxirihavMbahav
"hyo]Dv/Ï® M Ð
Z
t(v~] b5¶ q3ÃNiﬁba^abavyp9]DŁ~sMiqbaŁ¡b{v?po]Dv°iha|M]Dq3Ł¡bRp	ir] ^prba^x`MvMqcDq1¨Mµ¯havM|'Ł°b5p	`Mq|3ol3¶~b`Mhxb
hRp_prbxŁsprba|Ípq|Mh5prbp	`M]_oCŁ¡hac_ha^aq3Ã	h5e-v.hh{v.|fp	`ye7obxi]DÃYµp	`.bhRgqbuiﬁbyoYecÅpo
Z

ùú   ôò nò5ó öwþaòò5úù û	ûK÷øõ ýÉó ü (ýüó_û	 	_ó_ûô
Nò5óò 	7ýDþaôò®üýDþaôó ÷Åö{õû÷aø

óQô(÷ þTùaùôóQûLßaô(ý
)ô®ô÷N÷5ýDù ßaô õ
û÷aøNù³÷xýÉù LùúÅùÉû  ﬁﬀóQó þaô(÷ùû÷ﬂôKûﬃ ô!aô"#aû	Åüwô õ%$ ô"&Nû®óQô¦ô('5ö)û®ù³÷aôøù³÷ýÉþaôýDô"'Rý Mþaôõ ýó ü (ýüó û* 	 ôûýüóQô õCò 	Nýþaô+Nûó
,
û²õù÷/ûóQô 	_óQò -üwú.³ùô" Lù/$"00.1&2
,
43

5%û®ù³÷Rý ﬃ
,
ûùDõQô*ﬃ 9õ öaóQô ò5÷5ý6ﬃ739ù ô

ûKü) ý98
,
:

;5
,
óQô(üaù<ﬃ9xòõ öwô(7ﬃ
:~ò5÷aû ò

ûKü)Åý 
 þ>= nû9ú=Kò ò5ó öþaòÉò5úxù?5üwôNôﬁý1õ ýó ü (ýüó_û	øô õ@AÅöaô õ!ﬃ7:~û ó ùÅýÉù ôõ-ô÷xýÉóQôAN÷xýù ßaô®õ7ô(ýBNù÷5ýDù nùCDô Eô õFaû*ô(üaó	õ-ø5ü÷aùaôûKü
ûó ù³÷G$¢ô"&NõQò5÷xý7ô"'5ö>Éù?Rü)=ô õøû÷?õHÉôÆýô('5ýDô ;Eô®õ9õ ýDó ü (ýüóQô õýDô (ý ò5÷wù?Rüwô õø5ü"ßaû5õ	õù÷øRüINûó9õò5÷5ý7øKJÅûKöó9L õMüaú³ùô nùôﬁý
N
ü²ßaû®ó!O"0.01QPR(ST.
,
43

5 û ùøxô÷5ý#5û®ù³÷Rý ﬃ
,
û ùDõQô	ﬃ9õ öóQô ò5÷5ý6ﬃ739ù ôU5
,
:

)5®û  ùøô÷xý
,
óQô(üwùﬃ9xòõ öwô(7ﬃ7:~ò5÷aû ò
¸®¸ ¸5¹BV4Ùx»Ø7½M¾°»½¾7Ùx»Ùw¼.WÁ º7ÙÛMº7ÀaÁ ÙwºT»9à ÙaÛﬁXY_ÙRßÙ>YQà
t(v qMi|MbxiWpq ibxc_hRprb obwha(cDbxbac prq p	`.b oﬁba|M]¢Ł¡bavypo ev.|Mbxi bx¥1h{Ł¡]DvhRp(]q1v.l o(sba^a]_Ã(]Q^
obw|1]DŁ¡bavyprqMcDq1¨]D^?hacqMif¨baqMŁ~qMi(sM`MqMcDqM¨3]^yhac]Dv|1]_^ah5prq1i®o"ÊMvMq¶v%ÃYiqŁ sMib?obavypg1baha^a`Mboq1ivMbwhxi5o`MqMib
sMiqMÃY]Dc_bo'qMÃfp	`.bÄibx¨]DqMv0¶bxibŁ¡ha|MbÖe7ob%q1Ã
Z
§$ibyoﬁbavp~sirq1Ã	] c_byo~¶bxibÄiﬁba^aqMi|Mba|2h®phiK]q.e7o¡sq1]Dv?po
ha^a^wq1i|]Dv[¨pqfp	`MbuvMh5pQeibuqMÃ-p	`MbfoYeMg7o	p	ih®pQeŁFh{v.|fp	qfp	`MbŁ~qMi(sM`MqMcDqM¨1µq1Ã-p	`.b^aq3h?oYp
Z
§)hyoYp)ibxcDh5p(]bob?ha(cDbxbac-]Qouo`.q.¶vp	`iqe¨M`'oqMŁ~boﬁba|1]_Ł¡b{v?prq1cq1¨]D^ahac7]Dv|1]_^ahRprqi ogMµ¯^aqŁshxi]Dv¨p	`.byŁ
¶~]Åp	`FsMibyoﬁbavypÖgbahw^{`.boHqMiv.bahxi®o`.q1ibËsMi(qMÃ	] c_byo
Z
§$iqMÃ	]¢c_bo/¶~bxiﬁb^a`Mq-obavÃQiqŁ |M] Ã(Ãrbxibavypãoba^Rpq1i o
ha^a^wq1i|]Dv[¨pq¨bq1Łq1i(sM`.q3cDqM¨M]_^ahac3ÃrbahRpQeib?o9q1Ã-p	`.b^aq3haoYp
Z
¬N`MbhxgqbwﬁŁ¡bavypr]DqMvMvMba|'`Mba]D¨`ypoCprhÊb]Dv?prqÕha^w^xqevyp$pQ`MbŁ¡b?hav°hacebq3Ãpr]D|Mbal3p	`MhRp9]QoÆM'^{ŁS]Dv°p	`M]Yo
shxiYpTqMÃTp	`.bn\ba|M]ÅprbxirihxvMbwh{vho]Dv
Z
 boYpÑq1Ã'¡] ^wbalp	`MbcD]ÅpQpq1ihc']oohav.|.µ1Y¨Mihxbac cDµ¶~]¢p	` o(`.hac cDq¶ g1baha^a`MYsMiﬁq1Ã	] c_bol°sqMqi%] v
obw|1]DŁ¡bavyp/Ï MMÐ
Z
·7iqMŁ vMbahi®o`MqMibp	qÍghw^xÊ-o`MqMibal;p	`.boﬁba­yebav^abÇc_hxµbxi o/]oÑhyoÖÃ	qc cDq¶ ªoﬁh{v.|qMi
prbxi	i(]¨bavMqe7oohav.|Ml¨MihR1baco¦^wh{c_]gihRprba|hxirq.ev.|¯p	`.bÑ l³-°Ł~Ł Ł¡ba|M] hav'haceb~hxvM|ÕÃrc h5pQprbxvMba|'sbRgMgc_byo
Z
¬N`MbfcD] Ł¡]Åpgb5pQ¶~babv±oﬁhavM|°hav.|¨MihRbacQoL]QocDq3^whRprba|°hi(qeMv.|°x l ŁSÏ -[Ð
Z
¬`.b"p ihxv3o]³p(]DqMv°ÃQiﬁq3Ł ¨Miﬁhw1bacYo
p	q/ÃYc_hRp¦sbRgMgc_byo¦prhxÊbyosc_ha^ab°gbRpQ¶babavÕp	`Mb'`µ|iﬁq1¨Mih5sM`M]_^°È?bxiq%hxvM|  Ł
Z
"ba`M]¢v|Õp	`.b¯g1bxiŁ~lC^iboYp
hxv.|Õqp	`Mbxioﬁ^ahxi(s-oﬁlsbxgMgc_b.o¦Ã	qMiKŁ hg1hxi(i]_bxiL¶~`M]_^{`'iﬁbyhw^x`byoLesÕpqÖhxvhacÅpr]ÅpQe|Mb~q3ÃLÖŁ~l7ibx¨hxic_byo5o¦q3Ã
p	`Mbuc_bav¨p	`hxvM|°ocDqMsbq1Ã-p	`.bnghxi(i]Dbxi
Z
ÆhyoYpqMÃH°]_^abwlTp	`Mbiq^xÊµﬃhavM|Öo^whxi(sba|^aqhyoYp4hw^a^aqŁ~q|MhRprbyo¦qMvMcµoŁ¡hac cg1baha^a`Mbo
Z
§$iq1Ã	]Dc_b1o
hxib°or`MqMiYphvM|ÖoYprbabxsl$hxvM|'ibahw^x`|Mq.¶vÖoYegŁ°hiK]Dvb°oYprbs-ou]Dvﬃh¯o	p(]Dc_c¶hw1ba(|MqMŁ~]¢vh5prba|Õbav]iﬁq1vMŁ¡bavyp
Z
hxvM|3o"hxib~hxgevM|Mhav?pqMvMcµÖ]Dv/ob?^Rp	qMi®oL¶`MbxiﬁbÃ	ce]_hacLoYesMsc¢]_bo¦ÃQiq3ŁprbxiYp	]Dhiﬁµ'gh?o]¢v-o"hxib~]DŁsqMiYprhxv?p	l
hyo]¢v~p	`Mbuhxµ-oq3Ã\0bavyprqMv°qi9]Dvyp	]DŁ¡]¢¨c ]_h
Z
fbavMbihac c¢µ.l-gbaha^a`.b.ohxiﬁbo(Êbac_bRprhac-hav.|'^aq1vo]QoYpLoﬁq3cDbac¢µ¯q3Ã
gcDq^xÊ7o
Z
ypq1irŁ°oÃQibw­yeb{v?p(cµ%sbxiYpQei	gÄp	`.b¯g1baha^a`Ho(µ-o	prbxŁ havM|%|MbRprbxi(Ł~]Dvb¯p	`.bÕÃ	qMi(Ł¡hRp	]DqMvqMÃfo`M]DvM¨cQb
ghi®olobxbxihacŁ¡bRprbxi®ohxg1q.1bÇob?ha(cDbxbac_l;geMpp	`MbyoﬁbÇ|MqËvMqyp¡cDhyo	p'hvM|ËhxibH|M]QoŁ°hav?p(c_ba|
Z
¬`?e7olup	`Mb
vMqMiŁ~hac1g1ha^xÊ7o`MqMibucD]_b.o)¨bxvbxihacDc¢µ~sc_ha^aba|gbRpQ¶babxv
Z
hxv.|~ŁFhRg1q.1bfo baha(cDbxbac
Z
}fÃ^wq.ei®oﬁb0p	`Mb?ob2bac_baŁ°bav?po/qMi(¨hxvM] oﬁba|h?^a^aqMi|]Dv¨prqÍp	`Mba]iﬃsMiq1Ã	]Dc_b.o/Ł¡hxµFbx¥`M]g]Åp/oq3Ł¡b
sbxiYpQe.iYgh5p	]Dq1v-o%|Mbs-bavM|M]Dv¨ qMv¶¡hxb?oHhavM|F^Rei(iﬁb{v?po%^aqMvM|M]Åp(]q1v-oÌª]Dv3Ã	ihRpr]D|MhacÕo havM|3oﬁlgha^Êo	¶~ho`
¨MihR1bacohavM|o	eiKÃsbxgMgc_bofŁ¡hxµ%Ł°]¥
Z
tvÕp	`Mh5p^whyobalpQ`.b'bxi(iqMiughiq1voﬁbaha(c_bxbac¶] c cNgb']¢v^ibahyoﬁby|
Ó(  l H£Ml 'Ł
Z
Ã	qMiLp	`MbŁ¡hx¥]DŁe-Ł~Ô
Z
t(v'p	`MbgboYpÆqMÃu^whyobyoﬁlp	`Mb¡bxi(irq1ighxi¶]Dc cNgb~iba|ye^abw|±p	q±p	`.b
oYp	ir]D^Rp)bR¥prbv3o]Dq3v~Ł¡hxi(¨]Dv~qMÃTp	`.bq.gobxi(1ba|~b{c_baŁ¡bavyp
Z

Ùa¾7ÁWÙaº-»ÛM¼²Ú

ÛMÀwÁ Ùaà
 ÙaàK»9½
	
Á_ÀaÙ 
¦ÛMàK»9½
	
Á_ÀaÙ
hxvM|
;iﬁhRbacQo
§)bRgMgc_b.o
\]¥ba|

x l Ł
x l   Ł
   $Ł




]Dv3ÃQiﬁh{c_]ÅpQprqMihxc
x Łp	q Ł
û(ß>ô  7õ¢ýDù û(ýDùò5÷Lò	[ýDþaô7û	 ýDù nô(ýÉóQù 7øxùõ ýÉó ù ßxüýDùò5÷ò	?ß?ôKû þuõ ôøù ô÷Rý_õ
N
ùDõ ýÉóQù ßxüxýùò®÷Lû* ýù 2=(ýóQùC?Rüwô7øxô õ-õ9=øxù ô(÷ý_õ1øôö)³û®úô
¸¹

ÁD»ÙaàLà»¿7¾7Á Ùa¾

½M¼¦¾7Û»Á º~ÛMº7¾MÙa½BW½M¼ÞØ7½BY_½ﬀMÁ À?ÛﬁY-à Ùx»(»Á_º½

»Ø7Ù Y_½yá WÕÛ¼xÁ_º7Ùu»Ù?¼a¼xÛÀaÙﬂﬁáÙaàK»
½
ﬃ
Á ÀwÙa¹
t(vhÖibw^abavyp¡oYeiY1bwµÌha]_Ł°]DvM¨0prqHibR]Qoﬁbﬃp	`.bÖ¨baq3cDqM¨3]^yhac¦Ł°hs2q3Ãihyo®o bw(mh{vMv.byoÏ® MÐ(lLp	`Mb
ÂuehRprbxi(v.hxi(µfprbxiriha^abyoo]ÅpQehRprba|f¶byoYp)qMÃ°°]_^abn¶bxibnp	`bfoYeg  ba^RpÑq1Ã$h|bRprhx]Dc_b?|^whxiYprqM¨ihxsM`M]_^fo	pQe|.µhRp
 ®«Q-%MM
Z
}np	`.bxi~|MbRprhx]Dc_ba|H]DvbyoYpr]¨hRpr]DqMv-of¶bxibÖ^ahi(i(]_ba|HqeMpgMµt "u§]DvÄp	`.bÖ^aqei®obÖqMÃueiYghav
|MbR1b{cq1sŁ¡b{v?pN]Dv°]^aba(m]ÅpYµ
Z
·7iﬁq1Ł vypr]g1bofprq/]D^wbalÂ"ehRprbi(vMhxi(µãŁ°hiK]Dvb±prbi(iha^ab?ogMiqha|cµbx¥MshavM|Hha^w^aq1iﬁ|1]Dv¨pqÄp	`Mb
¶~]D|yp	`q.pp	`.bH^aqhyoYprhxcsc_ha]¢v
Z
¬9`MbÄ§Nc_]Dq^abavMbH|MbacÅprhH|bxsqTo]³poq1Ãp	`.bhxi°"ho]Dv`.hw1bHbaŁgbw|M|Mby|
£p	`MbaŁ°o bacbyo]Dvyprq2§irqbxv.^abÄ\bxÈ{q1È?q]D^0cD]_Ł°bo	p	qMvMbyo
Z
cÅpr`Mqe¨M`Çp	`M]QoÕ]QohHcDq¶~	ÃYc_hRpo(`.q1iﬁbalfh?o'qMvMb
hxsMsMiqha^x`.byoLp	`Mb°cDs3]Dvbibac ]_baÃolqMvMb~qg7obxi(1byohsMiqM¨Mibyo o]b]Dv^xibahoﬁb]Dv±prqMsMqM¨MihxsM`µ
Z
¬C`Mb~cDq.¶bxi
prbxi	iha^abwlÆ¶`M]D^a`Ç]Qo¯hÄÃ	bx¶IŁ~bRprbxi®o¡hxg1q.1bﬃp	`.b/^aq3h?oYprhxc¦s3cDha]DvMl¦^?h{vgb/^acDq-obac¢µÌqg-o biYba|hacDq3v[¨0p	`b
^aqhyoYpln¶~b?oYphxvM|2bwhyoYp¡qMÃfp	`.bŁ~q.eMp	`ÌqMÃfp	`Mb/hxi
Z
qyp	`Ëo]ÅprbyooYpQe|M]Dba|Çg1b{cq3v¨ÇprqËbahw^x`2qMÃfp	`.byob
obw^Rprqi®o
Z
\0bahyoYeiﬁb{Ł¡bavypo¦qMÃh{c³p(]ÅpQe|Mbf¶bxibfprhxÊbxv'¶~]Åp	`havﬃbac bw^wp	irqMv]_^~h{c³p(]DŁ¡bRprbxi¦Ó(ha^w^Reiha^xµ%ª-Ml [ÕŁ~Ô
^ahacD]gihRprba|~qMv;p	`.bu`µ|iqM¨MihxsM`M]D^uÈ{bxiq
Z
 
Z 
byoNŁ°hav.|1]_bxi®o%ÓrmÆiﬁqToﬁ(|Mba(mhx¨Mv.byoLï¥ Ö©  	°µ Õ£
®_ 3Èﬂ ŁÔ
 boYpÆq1ÃNp	`Mb~Ł~q.eMp	`qMÃNp	`bhxii]bxil-p	`Mb~cDq.¶bxiLprbxi(irha^ab~]QoibxsMibyoﬁbavyprba|±gMµ'¶] |MbgbavM^a`bo
cDq^ahRprba|hxiqevM|H ÕŁ ]Dv/hacÅpr]ÅpQe|Mb~Ó·$]D¨
Z
 5Ô
Z
°bahimLiq-o(|Mbarmnh¨MvMbyo"h~^xiq-o®ooba^Rpr]DqMvÄo`.q.¶¡o¦Ł°hiK]Dvb
¨MihR1bacoﬃqMÃp	`.b0vbahi®o`MqMibHÃ	ha^a] boÓr¬Chxgc_b 5ÔÄo]³pQehRp	ba|ËhRp% ËŁ h
Z
o
Z
c
Z
¶~`M]_^a`]Dv|1]_^ah5prbÇobaha(c_bxb?c
gb5pQ¶~babavHhxvM| M l %Ł Óx Ml- 


±
Ł~Ô
Z
\hiK]Dv.bÖ|Mbxsq-o]Åp®ohxibÖh?o®oq^a]DhRprba|Ä¶]Åp	`Ço	p	iq1v[¨Çchx¨e-v.hyc
^acDhxµ-oÎhavM| |yevb oﬁhavM|3o2¶~`M]_^a` c_hxµ gha^xÊMgbaha^a`
Z
·-eiYp	`.bxi]DvMc_havM|Ml%q1vAp	`.b=Ã	]Di®oYp4ocDqMsbyolÖp	`Mbaµ
]Dvyprbxi oYp	ihRp	]DÃQµ ¶~]Åp	` shac hwbaqToﬁq3]DcQo
Z
¬`byoﬁb |3bsqTo]Åpo ^aqMvyprh]¢v iK]_^a`Wc_havM|3ov.ha] c2Ł¡hac_hy^wq1ÃrhRevMh ¶~]Åpr`

å¢íDì



æﬁﬀaê
ﬂ
êë¦hxv.|~q.p	`.bxiLo(sba^a]Dbo9qMÃ-p	`Mb¬µ[i(i`bxvM]_h{vﬃ~cD]D¨eiK]_hav~Ã	hRevMh! 'Ï® M Ð
Z

Z 
byo"qToﬁ­yebRpo)Ó ]^ybfï?¥ $©"? ¢£#	¢µﬀ £"£Q[©$ È n MŁÔ
ÆhyoYpnq1ÃLp	`Mb'Ł~qeMp	`/qMÃÆp	`.b]bihxiﬁl)p	`.b±cDq¶bxiŁ¡hxi]¢v.bprbxi(ihw^ab°Ã	q1iŁ°o;hÕoYp	iha]¨`ypgbav.^y`
hacDqMv¨p	`bc ]ÅpQpq1ihc7Ó·$]D¨
Z
 5Ô
Z
\hxi]DvMb~ohavM|-oh{v.|°¨MihRbacQo|MbxsqTo]³p9hxibbx¥Msq-oba|g1bRpQ¶babavÄ 'hav.|Ä 'Ł
]DvÖhacÅpr]ÅpQe|Mbal$"foﬁq.eMp	`
Z
¬N`Mbyoﬁb~|MbxsqTo]³po¦hxibfpYµ[s]_^yhac)q1ÃCp	`.b°oY¶h.o`'È{q1v.balbxi(µﬃ^acDq-obprqÕÈ?bxirqÕ]DvÖo baha
c_bxbac
Z
uµ%e7o]¢vM¨/p	`b±sMiﬁbyobavypg1baha^a`shihaŁ°b5prbxi®oÓ(¬9hRgc_b0 5ÔlN¶~bÖ^wh{v (e|¨b±p	`Mb'shoYpoﬁbaha(c_bxbacCprq
`Mhx1b±gbabavÖgb5pQ¶~babav2 /havM|Ë aÖŁ Óx 5£
±
 ŁÔ]¢v%hacÅpr]ÅpQe|Mb
Z
q1Ł~bÖo`MbacDcQoq3Ã%;ëåæ

í&


`hxb°gbwbyv
^aqMcDc bw^Rprba|Ç]Dvp	`Mb?ob/|Mbxsq-o]Åpo
Z
 ^xiﬁqTo oKoﬁba^Rpr]Dq1vHsbi(s-bvM|M] ^5e-c_hxiprqÄp	`Mbo`.q1ib/bR]|Mb{v^wbyo°c_havM|y¶hxi|
c_hx¨evMhachavM||yevMb4|MbxsqTo]³poHhavM| hÃ	q1ib?oYp/shxchabaq-oqM]¢c°¶`M] ^a`FsMiq]D|3bw|+hxi]Dqe7oHbR¥haŁ~sc b?oHq3Ã
biYprbRgMiﬁhRprbuÃ	hRevMhhavM|fp	`Mbfoﬁq3r^ahxcDc_by|'ﬃ
 
]D¨ei] hav~cDhavM|-ovMha]_c3ÃrhRevMh! 
Z
¬N`Mbyoﬁb v.bR¶ |Mh5prh q1v p	`.b cq.¶bxiÍprbi(iha^abA]Dv p	`M]Qo obw^Rp	qMiF^xqMi	i(qgqMih®prbAcDq3^wh{chav.^{]_bavyp
qg-obiYhRpr]DqMv-oÏQ©MÐNqMÃ$¬µ[i(i`MbavM]_h{vsbwgMgc_bo9havM|gcDq^xÊohxv.|ÃrhRevMh|bxsqTo]³po9hxiqevM|Ö M uŁF]Dv'hacÅpr]ÅpQe|Mb
Z
¡bRbxi	p	`Mbac_b.o olp	`MbbR¥1ha^Rp$sq-o(]Åpr]DqMv~q1Ã-p	`.bfobaha(c_bxbac^?havMvMqp-gbuib?oYp	qMiba|
Z
 boYp¦qMÃ
 
byou"qToﬁ­yebRpolv.bahxip	`MbÕha]DvyprYue¨e$oYpr]DvÕiﬁh{]_c¶~hxµHo	prhRp	]DqMvMlNhsbxgMgc_bgbav^a`ÖcDµ]¢vM¨
hxiqevM|Ö aŁFh
Z
o
Z
c
Z
] oh{v.q.p	`.bxiNŁ~hxirÊbxiCÃ	qMip	`.b¬)µ[i(ir`MbavM]_h{vprbxi(iha^wb
Z
"qyp	`Õo]³prbyoC¶bxib|Mh5prba|°qMvp	`Mb;g1h.o]QoÆq3ÃLo`Mbac cQoﬁlp	`.bfÃ	qMiKŁbxiCp	`MhvÊ7oCp	qp	`.bfcDhavM|-ovMha]_corsba^a]_b1o
(

æ)ﬀaê

êëlyp	`Mbuc_hRp_prbxipqqMvMbfobwhfo(`bacDc%
"
è
*
çë


¹(+!,	×Ø¾Û?»Á º
 
Z
vMhac¢µ?pr] ^wh{cMprba^x`MvM]_­yebyo
(¬N`'hxv.h{cDµ-o byo`.hxbfgbabav¯^ahxi(i]_ba|'qep9qMv°Ã	qeiNp	qyprhxcNo(`bacDcQoq3Ã


æﬁﬀwê

êëÃQiqŁ mLiqToÆ|Mb
mhx¨vMbyoﬁlNh{v.|/q1v/o]¥Ã	ihx¨Ł¡bavypo"q3ÃhÕo]DvM¨3c_b1h{cb'qMÃ%
-
è
ﬂ
çë

ÃQiq3Ł p	`Mb
 
bou"q-o­yebRpoo]Åprb
Z
§$i(q^aba|yeiﬁbyo¦q1Ã^ac_bahavM]¢vM¨ﬃhavM|q3ÃN~(¬N`^a`MbaŁ°]_^ahacLoﬁbxs-hihRp	]DqMvÕ`.hxbg1babav|3b?o^xi]gba|±gMµt(vMv.q3^wb{v?p

å


Ï [Ð
Z
 hxv.|¬N`Ö¶~bxiﬁbÕŁ¡bahyoYeiﬁba|qMv%h¯\0mn	tmC§NQ\Ë/.Q¡bxspQevMb0.Ł~ho®o~o(sb?^Rp	irq1ŁbRprbxiba­ye-]ÉsMsby|
¶~]Åp	`Ñh{v1.sbx¥23.f|Mboﬁq1chRprqihxv.|/h{v/]Dqv/^aqevyprbxi^aqesMcDba|Õ¶~]³p(`/h4.Y§)Â5.fÃ	] cÅprbi
Z
haŁ~s3c_byo¦¶¡bxib
^aqMiYiﬁba^Rprba|[l¯e7o]Dv¨p	`.b=o	prhxvM|Mhxiﬁ|=gMiﬁha^xÊbRpr]Dv¨AŁ¡bRp	`.q3|Ml'Ã	qMih¨3cDqghacÖŁ¡bahyo	eibaŁ°bav?pÄg]_hoÃ(hw^Rprq1i
bxv.^aq3Łsho®o]DvM¨°p	`.bŁ¡ho®oÃ	iha^5p(]DqMvMh5p(]DqMv'hav.|p	`Mbfµ]_b{c_|q1Ãp	`.b]Dq3v'^wq.ev?prbxi
Z
e^x`'^aqMi	iba^Rp	]DqMv'hacDcDq¶'o
qMvMbp	q%|] o(sq-ob'qÃ;o`.hxi(s/hxi]_hRpr]Dq1voq3ÃLp	`Mb°µ]_bac |Õp	`hRp¦Ł~hxµ%q^a^Reiug1bRpQ¶babavÕp	`Mbp	]DŁ¡bÕqMÃ¦bx¥prbxi(v.hac
^ahacD]gihRpr]Dq1v¯havM|°p	`Mb;pr]DŁ°bq3ÃLo haŁsc_bŁ°bwh.o	eibaŁ¡b{v?p
Z
\qMibq.1bxil3p	`M] o¦^aqMi(ibw^²p	]DqMv']Qoﬃ(e7o	p(]DÃ(]_ba|°gMµ°p	`b
Ãrha^RpNp	`Mh5pLŁ~h?o5oÃQi®hw^Rp(]q1v.hRp(]q1v¯b{Ã	Ãrby^5pohxibibac ]_hxgc¢µ|Mboﬁ^xi]g1ba|°e7o]¢vM¨ﬃhc ]Dvbahxic_hx¶ Ï £Ð(l7^aq1vo]_|Mbxi]¢vM¨
p	`MbevM^abxi	prh{]Dv?pYµ¯c bx1b{cQo9pYµ[s] ^wh{c$qMÃ~r¬`'Ł¡bahoYeiﬁb{Ł¡bavypo
Z
t(qMvg1bahaŁ±oŁ¡b?hyo	eiba|°gMµ°p	`Mb]DqMv'^wq.ev?prbxi
ihxv[¨ba|Öhyo¦sq-o®o]g-c_bgbRpQ¶~bwbxvÇ hxvM|Õ£Ì  ^aqes-ousb5ifoﬁba^aqMvM|±pqÖhR1q1]D|'p	`Mbg]_ho"b{Ã	Ãrba^RpLp	`.hRp¦^q.ecD|
sq-o®o]gc¢µ~iﬁbyoYecÅpNÃ	iqMŁhavfevMhw|Mba­ye7h5prb|Mbaha|fp	]DŁ°b^aqMi(irba^Rp	]DqMv¡h{v.|~h{cQoﬁq°Ã	q1ip	`.b;]DqMvg1bahaŁ]Dvyprbav-o]Åp	µp	q
gbfo	e-Ã	Ã(]_^a]_b{v?p)bxvMqe¨M`fprqŁ~]¢v] Ł~]DÈ[bhyoNsq-o®o]gc_b;]Dv?prbxi(vhace-v.^abxiYprha]Dvyp	]_byo
Z
·$qMinlTp	`.b°^abip	]DÃ(]_ba|Õiﬁb{Ã	bibavM^?b°Ł~hRprbxi]Dhac9Ó(mC¦\HÔn Äo	prhxvM|Mhxiﬁ|±¶~h?one7oﬁba|
Z
3hxv.|Õ 
sbahxÊ-oN¶bxibfŁ¡bah?oYeiba|¡q1v¡h;·hxiha|Mhxµ¯^Resl-havM|~£'qMvp	`Mbf]Dqv°^wq.ev?prbxi
Z
·$qi¬N`Mlp	`Mbm\ItY¦\\
M3/oYprhxv.|Mhxi|Õ¶hyoue7obw|MlsMcÅe$oupQ¶q%ha|M|]Åpr]Dq1v.hacno	prhxvM|hxi|oqMcÅeMp	]DqMv-oup	`.hRp¦`MhR1b¯g1babavo(µMv?p(`.bRp(]ÉÈ?ba|/hRp
""\ };ic_¤ahav-oª¬C` MÖhavM|ﬃ¬C`Ç £ãÏ®  MÐ
Z
"qyp	`Äoﬁq1c³eMp(]DqMv-olp	`.q.e¨M`vMqp¦^abip	]DÃ(]_ba|Öho¦ibaÃ	bxibavM^?b
Ł¡hRprbxi]DhacQol3`.hxbf]Qoqp	qMsM]D^^aqŁsqTo]³p(]DqMv-op	`.hRp)hxib^acDq-o bxip	`Mhxv¡mCu\ tY\H\IM3prqp	`.qToﬁb;ŁbahoYeiba|
]Dvp	`Mbo`b{cDcQo
Z
¬`?eoﬁl3mCu\ tYu\%\ M3¶¡h?oeoﬁba|°]Dv'ha|M|M]Åpr]DqMvfprq°¬N`Ö M~havM|°¬N`/ £Õoﬁq3cÅeMp	]DqMv-o9Ã	q1i
oYprhvM|Mhxi|Äg.iha^xÊb5p(]Dv¨|yei]DvM¨havMhac¢µo]Qo'oba­yebavM^?byo
Z
·NqMif hxvM|H¬N`H^wq1v.^abavyp	ih®p	]DqMvHŁ°bwh.o	eibaŁ¡b{v?pol
hxiYp	]DÃ	]_^{]_hac7]Qoqprq1sbyoÓYlYl	
¬N`ÔN¶bxibh{cDc7Ł¡baho(eiba|¡q1v¡hu·$hxiha|Mhxµ±^Res
Z
t(v¡qMi|Mbxip	q'b5hacehRprb
p	`Mb¬N`Ł~hyo5oÃQiha^Rpr]DqMvMhRpr]DqMvÖë

ìMë²êÄëåæ5í ﬀ?åDçHhxv.|]Åpo|i(] Ã p¦p	`irq.e¨M`Öp	]DŁ¡balp	`.bÕ¬N`Ë M0oQprhxvM|Mhi|Ñ¶hyo
Ł¡bahoYeibw|2hRpp	`.bÑgb¨3]DvMv]¢vM¨h{v.|2hRpp	`.bbavM|Ìq1Ã¡bah?^x`Ì¬C`Ëoba­yeTbavM^abalne7o]DvM¨Ëh%¬C`F MÍoq3c³eMp(]DqMv
oYeÃ	Ã(]_^{]_bavyprcµ~^wq1v^abav?p	ih²prbw|Ã	qMi 
 ¬N`fpqg1b;ŁbahoYeiba|~qMv~hn·$hxiﬁha|Mhxµ~^Res
Z
¬9qyprhxcgc_h{v[Êo$¶~bxiﬁb;cDq¶bxip	`.hxv~©MsM¨~Ã	q1i+hxvM|MfsM¨~Ã	qMi9¬`
Z
"byo	e-cÅpohxibuibxs.q1iQprba|f]Dv~¬9hRgc_bu
Z
Echantillon U (ppm) Th (ppb) (234U/238U) (238U/232Th) (230Th/232Th) (230Th/238U) (234U/232Th) (230Th/234U)
Os 1 0.720 (03) 1036 (2) 1.1961 (23)   2.162 (10)     3.000 (12) 1.3877 (83)     2.586 (13) 1.1602 (73)
Os 2 1.380 (03)   866 (1) 1.1797 (19)   4.959 (14)     6.399 (31) 1.2905 (72)     5.850 (19) 1.0939 (64)
Os 3 2.774 (09)   801 (5) 1.1646 (46) 10.783 (78)   13.222 (57) 1.2262 (103)   12.557 (103) 1.0529 (98)
Os 4 1.206 (07)   513 (1) 1.1893 (34)   7.314 (41)     9.389 (43) 1.2836 (93)     8.699 (55) 1.0792 (84)
Os 5 1.930 (07)   526 (1) 1.1268 (23) 11.431 (47)   13.526 (53) 1.1833 (68)   12.880 (60) 1.0501 (64)
Os 6 3.456 (11)   317 (1) 1.1233 (26) 33.92 (14)   39.27 (20) 1.1577 (75)   38.100 (177) 1.0306 (71)
Sp 1 0.935 (02)   136.0 (2) 1.6273 (35) 21.41 (07)   27.29 (10) 1.2749 (62)   34.838 (131) 0.7834 (42)
Sp 2 1.521 (03)     50.1 (3) 1.6127 (47) 94.61 (55) 147.27 (58) 1.5566 (110) 152.58 (1.00) 0.9652 (74)
Sp 3 1.555 (06)     57.4 (5) 1.6264 (33) 84.34 (81) 104.30 (64) 1.2367 (142) 137.17 (1.35) 0.7604 (88)
Sp 4 1.549 (07)     99.1 (3) 1.6088 (43) 48.68 (25)   59.39 (28) 1.2200 (86)   78.31 (46) 0.7583 (57)
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